Anemia in the elderly population has been associated to clinical manifestations such as functional dependence, low cognitive performance, increased mortality and geriatric syndromes (dementia, delirium, depression and falls). Recent investigations have shown an association between low hemoglobin levels, reduction in muscular strength and physical fitness. The objective of this review was to identify, in the scientific literature, evidence of an association between anemia and functional capacity among older persons. PubMed and Bireme were used as references source. The most relevant evidence pointing towards this association was identified in the epidemiological studies Women's Health and Aging Studies I and II (WHAS I and II). Functional capacity was evaluated by the walking, balance and sitting back and getting out of the chair tests. Elderly women with either 13 or 14 g/dl have a better performance compared to women with 12 g/dl of hemoglobin, respectively. This study also reported an increase in the mortality risk among women (65 years old and plus) living in community with less than 13.4 g/dl of hemoglobin. Participants were followed for 11 years. WHAS I and II investigators suggested a new criterion, already adopted by the World Health Organization (WHO), to define anemia among elderly women. Conclusion: anemia is common among the elderly and may have an involvement in the impairment of their functional capacity. However, in spite of the importance of these findings, it should be emphasized that an etiologic association (anemia as a cause of functional impairment) has yet to be demonstrated.
Results and Discussion
Some longitudinal epidemiological studies have tried to establish a relationship between anemia, functional capacity, mortality and quality of life amongst the elderly in the community [15] - [34] (See Chart 1); however, clinical intervention studies comparing the functional capacity before and after the treatment of anemia were not well elucidated.
The metric parameters used in those papers were gait speed, muscle strength, balance, mobility and cognition. Anemic elderly adults have a reduced gait speed, muscle force, balance and daily life activities performance.
One of the most impactful epidemiological studies in this field is Women's Health Aging Study (WHAS I and II). WHAS assessed the functional capacity of women ages 65 and over using the walking speed test, sitting and getting up from the chair test and balance tests. The women who had hemoglobin levels between 13.0 and 14.0 g/dL had better functional test results than the women who had hemoglobin levels of 12.0 g/dL. The study also reported an increase of mortality risk for the women who had hemoglobin levels inferior to 13.4 g/dL; they lived in their own houses and were monitored for an average of 11 years.
The conclusions of this study suggest a review in the cut-off point for the definition of anemia by the World Health Organization [24] .
A study, based on the WHAS, assessed the quality of life and the functional capacity of 328 senior people in the community. The presence of anemia was associated to a reduction in muscle strength, an increased number of disabilities, fatigue, and depressive symptoms. A low concentration of hemoglobin levels was associated to a worse quality of life even amongst the elderly who had mild anemia (hemoglobin levels between 10.0 to 12.0 g/dL). The results were the same after controlling, in regression analysis, socio-demographic variables and the presence of chronic diseases [16] . were measured by the researchers, as well as daily life activities and physical performance. The tests used were the four-meter walking, sitting and getting up from the chair and balance. Anemic elderly adults had a reduced performance in all the tests, even after control of gender, age and comorbidity variables were applied [17] .
An epidemiological prospective study with 562 people belonging to the Leiden 85-plus Study. The study followed the participants (ages 85 and over) for 5 years, assessing their functional capacity in daily life activities, cognitive function and depressive symptoms. It was possible to relate anemia in very old people to an increased risk of death, regardless of comorbidity presence. However, the association between anemia and functional decline seemed to be mainly due to the presence of co-morbidities [19] .
The association between anemia and cognitive impairment has been described in the biomedical literature. A longitudinal study with 1435 senior people in the community, ages 75 -95, found an independent association between anemia and an increased risk of new dementia diagnostics. The presence of anemia was also associated to cognitive deficits connected primarily to executive functions. Executive functions include abilities such as planning, solving problems, organizing and directing the body to carry out daily activities. Deficits in executive functions also occur in old people that do not have dementia; they may precede deficits in other domains of cognitive function and represent a risk factor for the decline of daily activities. An investigation assessed the association between mild anemia and executive functions in 364 active women, age 70 -80, in the community. The results were four times worse compared to the results of women without anemia, after adjusting the other variables. Data from a prospective population project called Epidemiological Studies of the Elderly (EPESE) with 1744 senior people in the community also showed an association between anemia and decline of cognitive function [24] [25] [26] .
An increase in the concentration of inflammatory cytokines, associated to an increase of erythropoietin was followed by a reduction in the response of erythropoietin to anemia [27] . Similar findings were reported in the Baltimore Longitudinal Study of Aging [28] . Those studies suggest a double response of erythropoietin to inflammatory cytokines: an increased initial production of erythropoietin when there is a normal level of hemoglobin followed by a reduction in the response of erythropoietin to a fall in the level of hemoglobin. This relative erythropoietin deficiency, similar to the relative insulin deficiency in Diabetes type 2, is amplified by a bigger resistance to erythropoietin by its ancestors. Erythropoietin is also mediated by Interleukin 6 (IL-6), an interleukin that acts as both a pro-inflammatory cytokine and an anti-inflammatory myokine, and by the increased plasma levels of hepcidin, which impairs the mobilization of iron from its deposits. In previous studies, it was shown that increased plasma [28] . Even though anemia is not a natural consequence of the aging process it is often found in the elderly and it has been held responsible for many symptoms that contribute negatively to the health of this age group. Hence, studies on anemia in the elderly have significantly grown in the last few years [29] [29] [31] .
There are at least seven studies demonstrating that anemia is an independent risk factor for mortality in the elderly [28] [39] . In cases of chronic anemia, the spontaneous complaints from the elderly are less exuberant than the ones from youngsters; without noticing, the elderly practically stop their physical activity.
In the WHAS, EPESE and In Chianti studies the levels of hemoglobin in people over 65 is inversely proportional to increased limitations of daily life activities and mobility issues, especially bellow 13.0 g/dL. These discoveries suggest that even a mild anemia may cause serious consequences for the functional independence of the elderly [17] [25] [35] [40] .
There is an important association between anemia and frailty reported in the literature [27] [28] . Hematopoiesis is regulated by the interleukins. In some older persons, the secretion and the response to erythropoietin may be damaged, due to an increased plasma concentration of IL-6 and other inflammatory cytokines. Markers of chronic inflammation are probably involved in both phenomena (anemia and frailty), even if there isn't any inflammatory disease involved. The occurrence of those markers seems to be triggered by an age associated malfunction of certain pro-inflammatory cytokines, including IL-6. The IL-6 causes anemia and frailty from a clinical point of view [5] 
Final Considerations
Anemia is commonly reported in the elderly and frequently overlooked. It may be associated to complications as the decline of functional capacity. Anemia is often not diagnosed in the elderly and they simply do not get adequate treatment.
The hypothesis of anemia being both a cause and consequence of aging cannot be discarded. More investigations are needed to evaluate the impact of anemia and its treatment in functional impairment. Large cohort studies, using more specific hemoglobin level definition and functional capacity evaluation, should be conducted. An adequate treatment for anemia may break this vicious cycle and postpone the complications of aging.
